In vertebrates, gonadotropin-releasing hormone (GnRH) belongs to a family of decapeptides characterized by the conservation of residues 1, 2, 4, 9, and 10.
the oldest GnRH to evolve in jawed vertebrates. With the addition of the dogfish GnRH structure to the family, two main structural branches of GnRH can be delineated. The physiological effects of dogfish GnRH included the release of not only gonadotropin but also growth hormone from goldfish pituitary fragments.
Changes in the structure of a peptide during evolution offer a logical starting point for structure-function studies. In theory, a large number ofcombinations (2 x 1011) are possible for a peptide such as gonadotropin-releasing hormone (GnRH) that is 10 amino acids long. However, phylogenetic studies of structure can be used to predict which sequences or substitutions will be physiologically active. Indeed, Folkers and associates in 1986 (1) took this approach by designing various analogs of GnRH based on the sequences of four known vertebrate GnRHs. They synthesized 10 new peptides by substituting other naturally occurring L amino acids for those in positions 5, 7, and 8, the variable positions in the native GnRHs. Five of these synthetic peptides had activity equivalent to or greater than mammalian GnRH for the release of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) under at least one set of in vivo assay conditions in rats. Moreover, Folkers et al. (1) predicted that one or more of these agonists would be found in nature.
We have screened a number of vertebrate species to determine the immunological and HPLC elution pattern for GnRH in the brain (2) . A limited number of GnRH forms occur in these species. However, dogfish brains appeared to contain a previously unidentified form of GnRH (3, 4) . We now show that one of the GnRH structures, which we have isolated from dogfish brains, is identical to the sequence of one of the analogs previously described by Folkers and colleagues (1) . Further, a second form of GnRH present in dogfish brains is identical to one of the known vertebrate GnRHs (chicken GnRH-II).
MATERIALS AND METHODS
Collection of Specimens. Spiny dogfish (Squalus acanthias) of both sexes and all stages of maturity were collected by trawling near Vancouver Island (Sidney, B.C., Canada) between December 1985 and January 1986, and by gill netting at the mouth of the Big Qualicum River, Vancouver Island, during June 1990. The brains were stored at -80'C until needed.
Extraction. Brains (n = 450; 2026 g total) in five batches of about 400 g each were pulverized in a Waring blender containing liquid nitrogen. The extraction procedure was described previously (4) . The extracts were concentrated, centrifuged at 10,000 x g, and decanted. The supernatant was diluted with water and pumped through a column of eight Sep-Pak C18 cartridges connected in tandem. Each of the five columns was connected to the HPLC and the contents were eluted with an acetonitrile gradient that increased from 5% to 80% (vol/vol) reservoir B at 1%/min (see Table 1 ). Four sets of fractions containing immunoreactive GnRH were identified with antiserum GF-4 at a concentration of 1:2000 as described (4) .
Purification. The fractions containing immunoreactive GnRH were injected onto a Supelco C18 analytical column ( Table 1 HCI/phenol hydrolysis procedure described previously (5) .
An additional purification step was used before proceeding with the sequence analysis. A 100-1,l aliquot from each sample was concentrated to one third in a Savant concentrator and the volume was adjusted to 85 ,ul with 0.5% acetic acid. This material was eluted from a Vydac C18 microbore column by using a gradient of 1% reservoir B per min and a flow rate of 0.2 ml/min. Sequence employed. An accelerating/electric field voltage scan from m/z 1100 to 1500 (60-sec scan slope) at a nominal resolution of 3000 was performed first with the sample and subsequently to measure CsI calibrant peaks. The mass accuracy of this scan was ±20 ppm.
Peptide Synthesis. Solid-phase synthesis of the peptides, based on the deduced structure, was carried out on a methylbenzhydrylamine (MBHA) resin by using previously established methods (6) . The peptides were deprotected and cleaved from the support with hydrofluoric acid. After purification of the synthetic peptides with reverse-phase HPLC (7), the structures were confirmed by mass spectral and amino acid composition analyses.
Physioogical Studies. The in vitro activity of synthetic dogfish GnRH was assessed by perifusion of goldfish pituitary fragments as previously described (8) . Growth hormone (GH) and LH were measured in the perfusate by using radioimmunoassays for carp GH (8) of either synthetic dogfish or salmon GnRH for 2 min every 60 min. Five-minute fractions were collected. GH and LH were measured in each fraction by using carp GH and LH radioimmunoassays.
Edman degradation of the peptide fragments yielded the following sequences:
Fragment I His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly Fragment II His-Trp-Ser-His-Gly-Trp-Leu-Pro-Gly Mass Spectral Analyses. An elemental composition of C60H70N17013 with a monoisotopic protonated mass (M + H+) of 1236.53 atomic mass units (amu) was obtained for the early-eluting GnRH. The late-eluting GnRH had an elemental composition of C57H72N17012 and a monoisotopic protonated mass of 1186.55 amu. The theoretical molecular masses for the early-and late-eluting GnRHs for the amidated sequence based on Edman degradation were 1236.53 and 1186.38 amu, respectively. The mass of each ion was consistent with the amidated carboxyl-terminal sequences predicted from Edman degradation.
Physiological Studies. Dogfish GnRH stimulated the release of LH in a dose-dependent manner at concentrations ranging from 1 to 1000 nM (Fig. 2) . Both dogfish GnRH and salmon GnRH were effective at physiological concentrations in releasing LH. GH secretion from the goldfish pituitary was also stimulated by physiological concentrations of dogfish GnRH (Fig. 2) . The release of GH occurred at concentrations ranging from 1 to 1000 nM.
DISCUSSION
The brain of the spiny dogfish contains a form of GnRH with a unique amino acid sequence in addition to a form of GnRH originally isolated from chicken brains. The late-eluting GnRH (Fig. 1) , which we call dogfish GnRH hereafter, has the primary structure pGlu-His-Trp-Ser-His-Gly-Trp-LeuPro-Gly-NH2 (pGlu, pyroglutamyl residue). The primary structure of the early-eluting GnRH is identical to chicken GnRH-II (pGlu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-NH2). The proof of structural identity of these peptides included Edman degradation to determine the sequence of the GnRH-(2-10) fragment. The amino-terminal pyroglutamic acid was identified by specific cleavage with pyroglutamyl aminopeptidase. The amidated carboxyl terminus was established by mass spectrometry. Amino acid composition analysis was used to corroborate the findings that were based on Edman degradation and mass spectral analysis.
The identification of dogfish GnRH expands the GnRH family to seven members (Fig. 3) . It is clear in these peptides that only positions 5, 7, and 8 have changed in the last 500 million years. In preparing synthetic GnRH analogs, Folkers and his colleagues (1) made substitutions in positions 5, 7, and 8. They found five of these analogs were biologically active in rats and predicted that one or more would be found in nature. The dogfish GnRH is identical to one of their synthetic GnRHs. This analog was active in releasing both LH and FSH in a rat. Compared with mammalian GnRH, dogfish 
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PGLU-HIS SER-LEU-TRP LYS 9 10 (13) . Chicken GnRH-II is the most widely distributed of the GnRH molecules (Fig. 4) (Fig. 5) . The GnRH molecules malian GnRH structure has been deduced from amino acid sequencisolated from jawed vertebrates differ at positions 5, 7, and 8, ing data in mammals, from amino acid composition data in amphibbut it is primarily the amino acids in positions 7 and 8 that ians, and from chromatographic and immunological evidence in the determine the grouping. These molecules possess either Leu7 primitive bony fish (sturgeon). and hydrophilic8 residues or Trp7 and hydrophobic8 residues. The hydrophobic group contains dogfish GnRH, salmon
GnRH released an equivalent amount of FSH and about 40% GnRH, and chicken GnRH-II, whereas the hydrophilic group the amount of LH in one set of assay conditions. has catfish GnRH, mammalian GnRH, and chicken GnRH-I. The discovery that dogfish GnRH at physiological concenThis structural classification of GnRH molecules provides a trations stimulates GH as well as gonadotropin release helps framework within which GnRH molecules can be tested for to explain the coordination of reproduction and growth by distinct and possibly nonreproductive functional roles. Proc. Natl. Acad. Sci. USA 89 (1992) tional differences in the oxytocin-vasopressin family are based on a similar structural scheme (17) .
